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ABSTRACT 

A scanning racUameter was used to dotorminc the 
effect of airstream velocity on the mean drop 
diomotor of water sprays produced by prossuro 
atomizing and olr otomlrlng f“ol norzles used in pre- 
vioua combustion studios, Increasing airstraam voloc- 
ity from 23 to 53,4 maters por second reduced the 
Sautcr mean diameter by approximotcly 50 percent with 
both types of fuel nozzles. Tlic use of a sonic cup 
attached to the tip of an air assist nozzle reduced 
the Sautcr mean dlametor by approximately 40 percent, 
Test conditions included airstream velocities of 23 
to 53.4 motors per second at 293 K and atmospheric 
pressure. 

INTRODUCTION 

Exporlmentai tests were conducted with pressur- 
atomizing and air atomizing fuel nozzles mounted In a 
duct 5 meters in length end 15.3 centimeters In diam- 
eter. Wator was used to simulate fuel in this inves- 
tigation of the effect of airstream velocity on the 
fim.ncss of stcmlzstion, A scanning radiometer that 
measured the forward scattered light was used to de- 
termine the Sautcr mean diameter at each test condi- 
tion, Although water was used. In all of the tests, 
the results may bo compared with atomization of fuels 
such as Jet A by correcting for the effects of fuel 
density, surfsco tension, and viscosity on atomiza- 
tion as given in reference 1 . 

Fineness of atomlzstlon is an Important factor 
in the design snd performance of fuel Injectors that 
will yield high combustion efficiency and low exhaust 
omissions when used in adv,inccd turbojet combustors, 
in rcfcroncos 2 and 3, it wss found that air 
atomizing fuel nozzles Improved combustor performance 
and reduced cxlioust emissions when compared With 
pressure atomizing nozzlco. This result was attribu- 
ted to Improved atomization and dispersion of the 
fuel. However, Instrumentation was not svallsble to 
actually determine the degree of fineness of atomiza- 
tion of the vnrloua sprays. Thus, the present study 
was made to dotcrmlne the effect of airstream veloc- 
ity on the Sputer mean diameter produced by pressure- 
atomlzing and air atomizing fuel nozzles. Such data 
arc needed to relate fineness of atomization to com- 
bustor pcrfeimancc and exhaust emissions. 

In the present InVcsClgetlon, pressure atomizing 
and air otomlzlng nozzles used In previous combustion 
studios were tested over on airstream velocity range 
of 23 to 53.4 meters per second at 298 K end atmo- 
spheric pressure, Ssutcr moan dlnmctcrs were meas- 
ured with the scanning radiometer, snd the effect of 
olrstrcara velocity on the souccr mean diamotet was 


determined, A comparison was also made of the Sautcr 
mean dlometers obtained with a conventional and a 
sonic elr assist nozzle, 

AFPARATUS AND PROCEDURE 

The scaniUng radiometer woo mounted near the 
end of the open duct tost facility os shown In fig- 
uro I, Air drown from the laboratory supply system 
WOB at ambient temperature and pressure in the tost 
section, i,c,, 296 K and i, 01x10^ ncwtoil per square 
meter, respectively, The olrstroom velrclty was con- 
trolled with the valve directly downstream of the air 
orlflco, Tlic test section, also ahowa in figure I, 
was a 15 .24-ccntimetcr Inside dlsmctcr duct having a 
length of 5 meters, The tip of each test Injector 
was located ot a dlstanco of 16,5 centlractors up- 
stream of the center line of the 7 , 5 -contiraotor- 
diameter laser light field, 

DESCRIPTION OK INSTRUMENT 

The scanning radiometer, shown In figure 2, was 
used to determine Sautcr mean diameters for watet', 
sprays atomized by the Injectors, Tlic optical system 
shown in figure 2 consisted of a 1 -mllllwatt helium- 
neon laser, a 0,003-contlmoter-dlaraeter aperture, a 
7 ,5-cenClmetcr-dlameter collimating lens, a 10- 
centlmetot-diomottr converging lens, a 5-centimeter- 
dlsmeter collecting lens, a scanning disc with a 
0. 05x0, 05 - cent Imotor silt, a timing light and a photo- 
multiplier detector. A complete description of the 
scanning radiometer and the method of determining 
mean par aide diameters arc given In reference 4, 

CALIBRATION TESTS 

The scanning radiometer wss collbratod with two 
different water suspenslona of uniformly sized latex 
particles having diameters of 25.7 and 45,4 mlcrorac- 
ters, respectively. Dynamic calibration tests wore 
mode using vaporizing sprays formed by the breakup of 
single Jots of water injected transversely Into high 
velocity alrstreams. One of the multiple orifice 
spray bars used to produce single water Jots Is shown 
in figure 3. A plot of Sautor moan diameter, D 32 , 
against airstream velocity, obtained for the 0.040- 
inch diameter orifice end the 0 .013-lnch-dlametct ori- 
fice spray, respectively, Is shown in figure 4. Good 
agreement was obtained with the volume number mean di- 
ameter, O 30 , determined axpetlmentolly In reference 1 
ond plotted 1« figure 4. The relationship between the 
Sautcr moan and volume number mean dlemoters la given 
as D 32 “ 1,29 D 30 In reference 5, as determined by the 
Nuklyama-Ianasswa expressions fot mean drop diameters. 
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'tEST INJECTORS 

Tlic prcofluro atatntzlnR am] air uComlelng fual 
Injcctora used in cilia InvaaClgatlon arc shown In 
llRUca 5. Physical cliacnccorlsclcn of t’.o Injoccors 
ora glvon in Tabln 1, Three preuauro aCosiilsilng noa- 
bIcb were coated hovlng flow numbors of 0.300, 0.184, 
and 0.092 (Utors/hr)/(N/m2)5, roapcctlvely, at n 
water flow race of 90.8 llccra per hour. 

Throe variations of olr atomising Injeccorn wore 
tostodi namoly, the olr assist, splash groove, and 
splash cono nlr atomising nossLcs. The air assist 
nosslo was tested both with and without a sonic cup 
attached to the tip of the nosslo, to dotormlno the 
effect of the sonic cup on the fineness of atomlsa' 
tloii, The splash groove and splash cone nosslos had 
been used i.n previous combustor studies. 

RESULTS AND DISCUSSIONS 

Mean drop dlamotcrs were determined for water 
sprays using two different types of fuel injectors 
and the scanning radiometer. Ttic two types of fuel 
Injectors consisted of conventional pressure 
atomizing nozzles, Improved air atomizing nozzleo 
previously costed In experimental combustors, and an 
air assist nozzle operated with and without a sonic 
cup attached to the nozzle tip. 

Tho first typo of Injector tested consisted of 
three pressure atomizing nozzles having flow numbers 
of 0.092, 0,164, and 0,300, rospcctlvely. Tlio effect 
of alrstroom velocity and flow number on the Snuter 
mean diameter, D32, obtained with tho three presoure 
atomizing nozzlca arc sliown in figure b, Saucer and 
mean diameter decreased markedly when airs Cream 
velocity woo Increased and flow number was decreased. 
Over on airs Cream velocity range of 23 to 38 meters 
per second, the following expression was obtolned; 

D32 “ Also, the slope of the curve Increased 

as alrscrosm velocity wos further increased. Tills 
could be due to Increased turbulence due Co Che noz- 
zle mount and possibly nn Increase In ovoporaclon 
rate of tho sproy. 

The effect of flow number, FN, on D32 Is shown 
In figure 7. Over a flow number range of 0.092 to 

0.300 the following expression Wos obcalnodj D32 ■” 
(FN)0,4, This expression agrees fairly well with tho 
relationship D32 “ which was obtained in 

reference 6, using kerosene ond a somewhst lower 
range ol flow numbers (0.0182 Co 0.0364). 

Tlic second type of injector tested, nomely the 
air atomizing fuel injector. Consisted of 0 splash 
groove nozzle, a splash cone nozzle, snd an air 
.assist nozzle, Tlic effect of alrstream velocity on 
the Saucer mean diameters obtained with the splash 
groove and splash cone nozzles Is shown In figure 8. 
Both nozzles goye the following relationship! D32 ~ 
V'0.7S Qye,. an alrstroom velocity range of 23 to 38 
metcro per second. As alrscrootn velocity wos furthor 
Increoaed the slope of the curve increased. Finer 
atomization was obtained with tho splash groove de- 
sign due to the smeller orifices (0 .051-contlmeter- 
dlemeCcr) OB compared with the splash cone design 
hovlng 0.lS7-cdntimocor-dlameter orifices. However, 
as shown In figure 9 the splosh cone design hod a 
value of D32 closer to that of tronsverse liquid jet 
breakup, tlion the splosh groove design, ITils was 
actrlbuttod to the fact that the ongle of liquid in- 
jection for the splash cone nozzle was 90 degrees os 
compared to 45 degrees for the splash groove nozzle. 

The effect of alrstream velocity on O32 
air assist nozzle Is shown In figure 10. A mosked 


Improvement In flncncsa uf atemlzatlen was obtained 
by Dtcocfilng a sonic cup to tlio tin of the nozzle. 

The sonic cup gave a reduction In D32 of approxi- 
mately 40 percent. Tlie effect Of n^rotrosm velocity 
on D32 was ns follows! D32 ~ Vg*'*''* with tho conven- 
tional nlr .assist nozzlo ond D32 - V,j •“ with tho 
sonic cup attached to the tip of c1ie"nczzlo, over an 
alrstream velocity range of 23 Co 38 motors per sec- 
ond. The effect of alrstream velocity on Djg was 
even greater nc higher alrstream velocities, 

SUIDIARV OF RESULTS 

At water flow rates of 90.8 liters per hour, 
Snuter mean diameter decreased with Increasing nlr- 
dtream velocity na follows i V32 ~ for oil of 

tho nozzles tasted, with the exception of tho sonic 
nlr assist nozzle, when alrstream vcleclty was varied 
over a range of 23 Co 38 meters per second, Uic most 
Offoctlvo nozzle in producing fine sprays was the 
Bonto air asnist nozzle, With thin nozzle, Seutcr 
mean diameter doercasod with Increasing alrstream 
voloclty as followa; D32 “ Vg over an alrstroom 
velocity range of 23 to 38 routers per second. Also, 
the sonic cup appeared to reduce values of D32 by ap- 
proximately 40 percent, Wiothcr the cup actually 
produced acoustic oscillations or simply acted as a 
splash plate Co Improve breakup was not Investigated. 

Air atomizing nozzles used In previous combustor 
studies (splash cone and splasU groove nozzles) ap<’ 
poarod Co follow the same general relationship of 
Sautcr moan diameter decreasing with increasing alr- 
streom velocity as follows; D32 “ Vg ‘^5 which woo 
previously dcbcrrolncd for the breakup of single trans- 
verse liquid Jots (ref. 1). The moxlmum effectlvonOBs 
of this typo of breakup was obtained with Che liquid 
Injected norraol to the alrstream. 

With pressure otomlzlng nozzles, the Sautcr moon 
diameter decreased with increasing olrstroam voloclty 
and decreasing flow numbers os follows; D32 “ {FN)^-^ 
Vg Thus, flow number, as well as airstresm 

voloclty, appeared to be very Important factors In de- 
termining the fineness of atomization for pressure 
atomizing nozzles, 
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TAUtE I, . RJBIi IHJCCTOR OIARACTERISTICS 


Injostor 

Orlflco 

dtomotorp 

era 

Wator prespuro 
drop, 

N/«* 

Flow nuiabor, 
auor/lir)/(H/ro2)’ 

Spray bar 
13 ortflcap 

0.102 

2.21xlo'* 

0.611 

109 orlflcea 

.033 

2.96 

.527 

Pcoaauro ptoaUtnB 
lllgli flowrato 

.340 

9.17 

.300 

Modium flovraCQ 

.260 

24.48 

.164 

Low flcwrpto 

.230 

97.22 

.092 

Air atoralzlng 
Splaah coao 
4 orlflcos 

.137 

3.72 

.471 

Sploali groovo 
42 orlflcca 

.051 

10.41 

p281 

Air pislsc 

Convanclonal . 

**13.8X10^, N/n^ 

.300 

3.45 

.489 

Sonic cup >0 
**13,8x 10A, N/m\ 
'**41.4x10^, N/m2® 

,500 

3,45 


,500 

5,38 

.392 


*NooBur(>d PC a water flowrate of 90.8 Uters per hour. 
Proaauro drop Kina flowrate of tha asalatr otr* 

"20 SOPH. 

'’3s SCFM. 
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Fig. 2 Scanning radiometer opllca I path. 
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AIRFLOW IN TEST SECTION 

Fig. 3 Schematic diagram of multiple-orifice spray-bar. {Dimensions are In 
centimeters.) 
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AIRSTREAMVaOCITY, m/sec 

Fig. 6 Variation of Sauter mean diameter with air 
stream velocity for pressure-atomizing 
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Ftg. 7 Variation of Sauter mean diameter with 
fiow number for pressure-atomizing 
nozzies. 


W 




K)OJi 



A iRSTREAM VELOCITY, m/sec 


Fig. 8 Variation of Sauter mean diameter 
with airstream velocity for splash- 
groove and splash-cone air-atomizing 
nozzles. 
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Fig. 9 Variation of Sauter mean diameter with orifice diameter 
for splash-groove and splash-cone nozzles at an air- 
stream velocity of 30,5 m/sec. 
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Fig. 10 Variation of Sauter mean diameter with. airstream 
velocity for conventional and sonic alr-asslst nozzles. 





...... 


NASA'Lewli 


.r- “ ■* i -j- 


T- 




